J" The computerized tomography (CT) scans of 102 patients with meningiomas confirmed at operation and histologically were reviewed, and the features displayed by the tumors were correlated with their histology. There were 54 transitional, 17 fibroblastic, 13 mixed transitional and fibroblastic, 10 angioblastic, and eight syncytial meningiomas. It was found that each of these meningioma variants exhibited common CT features that could be helpful in predicting the probable histology. These common features were: visible calcium aggregates, degree of surrounding edema, tumor density before and after contrast medium enhancement, homogeneity, and definition of outline. Visible calcium aggregates pointed to a diagnosis of either transitional or fibroblastic meningioma. None of the angioblastic or syncytial variants exhibited this feature. Most of the tumors were surrounded by edema of varying degrees (92%) but this was not considered to be a specific feature except perhaps in the fibroblastic type where the edema was almost invariably of moderate degree. Tumor attenuation values unenhanced by contrast medium were also nonspecific but in enhanced scans a homogeneous density distribution pointed to the tumor being most probably of the transitional type. The angioblastic and syncytial variants showed a marked tendency to exhibit low-density non-enhancing "cystic" areas or poorly defined, irregular tumor margins or fringes. All of the fibroblastic, transitional, or mixed fibroblastic and transitional variants were well defined with more or less regular shapes. The presence of marked edema, absence of visible calcium aggregates, non-homogeneous contrast enhancement with non-enhancing "cystic" components and poorly defined irregular borders point to aggressive or invasive characteristics more commonly found in the angioblastic and syncytial variants.
M
ENINGIOMAS comprise approximately 14% of intracranial tumors? Accurate measurement of varying soft-tissue densities in terms of x-ray attenuation coefficients provides the basis for a computerized tomographic (CT) display, and it is the change from a normal anatomy and soft-tissue density display that provides the means for the detection and identification of a lesion. 7 In the detection and identification of meningiomas, accuracies of between 86% and 90% have been reported. 1,2 To our knowledge no correlation of the CT appearances of meningiomas with their histological features has so far been reported.
Materials and Methods
We have reviewed the CT scans of 102 patients admitted to Atkinson Morley's Hospital between 1973 and 1977, in whom operative and histological verification of the diagnosis of meningioma was obtained. The study was first directed to identify common features of the tumor variants that could in retrospect be related to their histological classification. As a separate study we reviewed the scans of cases where the histology revealed features of aggressiveness, such as fairly frequent mitoses, focal necrosis, or invasion of the brain substance. Correlation of our data revealed CT appearances in certain tumor types indicative of aggressive characteristics.
The CT scans reviewed were all made using either the original prototype EMI CT scanner or the more recently introduced EMI CT 1010 scanner.* A *EMI computerized tomography scanner manufactured by EMI Limited, 20 Manchester Square, London W1A 1ES, England.
number of the first scans were made employing an 80 X 80 matrix, but most were displayed on 160 X 160 matrix. In all but 10 patients the scans were repeated after the intravenous injection of a contrast medium, sodium iothalamate (Conray 420). In most patients a dose of 60 ml was given (25.2 gm of atomic iodine), but in a few selected cases a dose of 100 ml was given (42 gm of atomic iodine). In all patients the contrast medium was injected fairly rapidly over 1 to 2 minutes with scanning recommencing immediately after the injection. In cases where the scans were technically unsatisfactory, or when the whole series was not available, the patients were excluded from the study. With one exception (a cystic transitional meningioma), the correct diagnosis was made at routine reporting. Our series included 63 female patients and 39 male patients, with variously located tumors ( Table 1) .
Computerized Tomography Scanning Characteristics Studied
The following characteristics of the lesions were reviewed and form the basis of our study.
Pre-Contrast Enhancement Features
Surrounding Edema. The dark zone of diminished attenuation around the tumor is surrounding edema. It may be minimal and circumscribe the tumor or it may be extensive and elongated, producing an exaggeration of the density difference between the interdigitations of the cortex and adjoining white matter.
Calcification within the Tumor. Psammomatous calcification, being usually of microscopic proportions, contributes to the overall increased density of the tumor. The other major factor contributing to the increased density is cellular structure with low water content of some types of meningioma (fibroblastic and transitional).
Where calcium is in the form of a larger aggregates covering a few pixels or more (pixel size in a 160 x 160 matrix is 1.5 X 1.5 mm), this will be displayed as an area of distinctly high attenuation greater than 62 Hounsfield units, using a scale of 2000 units between air and bone. The attenuation values of some calcifications may equal those of bone.
Average Tumor Density. The average density of the tumor varied within the range of normal cortical values of 34 to 44 Hounsfield units (isodense), through slightly higher values of 46 to 60 Hounsfield units, to a high density of 60 to 100 Hounsfield units.
Morphology. The morphological features we described included the homogeneity and shape of the tumor. The density distribution within a tumor could be even or homogeneous, regularly uneven or "spotty," or heterogeneous and containing low-density "cystic or necrotic" components. The shape was described as being regular or irregular, well or poorly defined, and could depend on whether there was fluid trapped in the adjoining subarachnoid spaces. 
Characteristics after Contrast Enhancement
A verage Tumor Density. The scans made after contrast enhancement were examined to determine the degree of enhancement, as most meningiomas exhibit a striking degree of overall increase in density. A 50% increase in the average Hounsfield units was defined as a moderate increase in density. Above this level the density increase was defined as marked.
Morphology. The morphological features looked for and described in the enhanced scans were found to be much better defined than in the unenhanced scans, especially the shape, the "spotty" appearance, and the presence of low-density "necrotic or cystic areas" within the tumor. Those tumors with ill defined edges and/or irregular borders or fringes were of particular interest when correlated with their histology.
Histological Features
The histological examinations in all of the cases were carried out and reported by the same neuropathologist. The tumor classification follows that suggested by Russell and Rubinstein 9 in that four main histological variants of meningioma are recognized, namely, transitional fibroblastic, angioblastic, and syncytial. Tumors presenting mixed features of the transitional and fibroblastic variants were studied by us as an additional group. With regard to the inclusion of the angioblastic variant, we fully recognize the varying views of different neuropathologists as to how this tumor should be classified? '8'9 In this hospital the angioblastic variant is included in the category of meningioma and is usually treated with postoperative radiotherapy. 11
In this series of patients there were 54 transitional, 17 fibroblastic, 13 mixed transitional and fibroblastic, 10 angioblastic, and eight syncytial meningiomas.
Results
The results are summarized in Table 2 and the features observed in our review of the CT scans are as follows. tOf the four transitional meningiomas without surrounding edema three were suprasellar and one intraventricular. Both those in the fibroblastic and transitional combined with fibroblastic groups were in the cerebellopontine angle, and both those in the angioblastic group were intraventricular.
Features Shown in Unenhanced Scans
Surrounding Edema. The majority of the meningiomas (92%) were surrounded by a zone of edema to a degree varying from moderate to marked. The location of the tumor appeared to influence the presence or absence of edema. For example, three of four suprasellar, three of five intraventricular, and two of four cerebellopontine angle meningiomas displayed no detectable edema in the surrounding tissues. The majority of fibroblastic meningiomas tended to be surrounded by edema of moderate degree, whereas the other histological types tended to be surrounded by edema of more marked degree.
Calcification.
A relatively small percentage of the transitional (26%) and fibroblastic (24%) meningiomas were found to contain distinct visible calcification. This low figure is due to the fact that we were looking for high-density aggregates of appreciable size. A higher percentage (39%) of "mixed" transitional and fibroblastic tumors displayed calcium aggregates in the CT scans. No calcium aggregates were seen in either the angioblastic or syncytial variants.
Density of the Tumor. No significant difference in density between the various types of meningioma was observed. The majority of tumors exhibited moderately high attenuation values. Between 7% and 18% of the transitional, fibroblastic, or mixed transitional and fibroblastic tumors exhibited high attenuation values (60 to 100 Hounsfield units). High attenuation was not exhibited by any of the angioblastic or syncytial variants.
Morphology. An analysis of the morphological features recorded under this heading produced some interesting observations. First, 53% of fibroblastic meningiomas exhibited a "spotty" appearance in the CT scans as opposed to 9% in the transitional, and none in the angioblastic and syncytial variants. Second, low-density "necrotic" or "cystic" components were more common in the angioblastic and syncytial variants (five of 18, as compared with four of 54 transitional, and none of the 17 fibroblastic variants). This feature, taken together with other characteristics relating to the shape of the lesion could well be an indication of particular adverse histological features, that is, presence of mitoses or tendency to invasion of the adjoining brain tissues.
Only two of the tumors exhibited entrapment of fluid in the adjacent subarachnoid space. 1~ One was seen in association with a transitional meningioma and the other in a mixed transitional and fibroblastic meningioma. In one patient with a transitional meningioma who presented symptoms of a subarachnoid hemorrhage, CT scanning demonstrated hemorrhage within the tumor.
Features Shown in Enhanced Scans
Scanning was repeated after the intravenous injection of contrast medium in 92 of the 102 patients. Contrast medium was not administered to those patients with a history of bronchial asthma or allergy. In this small number of patients the diagnosis was usually not in doubt, but where it was considered desirable to bring out morphological features more clearly the contrast medium was administered under steroid cover.
Density of the Tumor. The degree of contrast enhancement varied from moderate to marked. Almost one-half of the 49 transitional meningiomas (49%) and eight of 18 syncytial and angioblastic meningiomas exhibited marked enhancement, that is, a density increase of more than 50%. Only 29% of the 14 fibroblastic meningiomas and 27% of the 11 mixed transitional and fibroblastic meningiomas exhibited marked enhancement.
Morphology. More than half of the transitional meningiomas (51%) showed a homogeneous density distribution in the contrast-enhanced CT scans, 45% exhibited a "spotty" appearance, and 4% revealed cystic components. This compares with homogeneous density in 29% of the flbroblastic type and 27% for the mixed transitional and fibroblastic variant. The marked tendency for the angioblastic and syncytial types to show low-density, non-enhancing "cystic" areas was again observed (10 of 18). A small number of the angioblastic tumors, and even less of the syncytial type appeared homogeneous (three of 10, and one of eight, respectively). All of the transitional, fibroblastic, and mixed transitional and fibroblastic meningiomas were well defined. In contrast, four of 18 angioblastic and syncytial variants had ill defined margins. One of the transitional meningiomas had an irregular but well defined shape, and another an irregular fringe. All fibroblastic variants were regularly shaped. Four of the 10 angioblastic meningiomas had either irregular shapes or irregular fringes of tumor. Half of the syncytial tumors were irregular in shape (four of eight).
Discussion
A tumor with CT appearance characteristic of a meningioma, and in an area where such tumors commonly arise, presents no diagnostic difficulty. However, in a small number of cases an atypical position or unusual morphology may lead to an incorrect preoperative diagnosis. Such tumors with areas of necrosis or cystic degeneration may closely resemble a glioma, and when adjacent to the falx cerebri may be mistaken for a metastasis.
In defined anatomical situations, such as the anterior suprasellar area, the carrefour and tectal plate, within the ventricular system, the clivus, and cerebellopontine angle cisterns, the CT features of different tumors may bear a close resemblance to one another. However, a detailed examination of morphology will reveal small but significant differences. These taken together with the clinical presentation, conventional radiological findings, and radionuclide scintigraphy will in most cases result in the correct diagnosis. Assuming a correct diagnosis of meningioma, the question we asked was whether we could usefully carry the interpretation of CT scans a stage further and correctly predict the histology. In the case of the transitional and fibroblastic variants this may be an academic exercise, but given the strong tendency for the angioblastic and syncytial variants to recur even after apparently complete excision, 5 a correct prediction of this type of tumor preoperatively could be of prognostic value. It is of interest to note that Farkas, et al., 4 in reviewing 32 cases, found no distinguishing features in the radioisotope or angiographic studies between the four main histological groups of meningioma. The following features, characteristic of different meningioma variants emerged from our study of the CT scans.
Transitional Meningiomas
The majority of transitional meningiomas were surrounded by edema, in most instances of a marked degree. Only three suprasellar tumors and one intraventricular tumor exhibited no surrounding edema. In 26% of this type of tumor there were calcium aggregates of varying size and extent. Many of the tumors in this category were visible in the unenhanced scans as defined areas of either moderate (56%) or high (18%) density.
Only 9% of these tumors exhibited a "spotty" appearance and 8% (four of 54) had low-density cystic components. After the intravenous injection of contrast medium, approximately 50% of the tumors enhanced markedly and homogeneously, while the remaining 50% exhibited a "spotty" appearance with a very occasional non-enhancing low-density area (Fig. 1). 
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Fibroblastic Meningiomas
With the exception of one tumor in the cerebellopontine angle which exhibited no edema in the adjacent tissues, all of the tumors in this category were surrounded by edema of moderate degree. Approximately one-quarter (24%) contained calcium aggregates. With one exception they were all displayed in the unenhanced scans as defined areas of moderate density (82%) or high density (12%). More than half (53%) appeared "spotty" in the unenhanced scans, a significant difference from the transitional group. In the enhanced scans the tendency to marked, homogeneous enhancement was less prominent, only 20% behaving in this fashion. The remaining 71% exhibited a moderately enhanced "spotty" appearance. No cystic component was seen. All the tumors in this category had well defined and regular borders (Fig. 2) .
Transitional and Fibroblastie Meningiomas
It can be said that the appearances exhibited by the transitional and fibroblastic meningiomas are a combination of the CT appearances of the separate previously described fibroblastic and transitional variants, with the exception that calcification was seen more commonly (39%) (Fig. 3) .
Angioblastic and Syncytial Meningiomas
Because of the small numbers of angioblastic and syncytial meningiomas, and some striking similarities exhibited in their CT scan appearances, we considered that it would be more convenient and appropriate to discuss them together rather than separately.
All tumors in this combined group, with the exception of two intraventricular angioblastic menin- giomas, were surrounded by edema. This tended to be marked rather than moderate (12 cases of 16). None exhibited calcium aggregates. The majority of the tumors exhibited a moderately increased tissue density in the unenhanced scans (13 of 18) and in five of the 18 cases, small low-density "cystic" components were seen within the tumor substance. After contrast enhancement, however, the incidence of low-density, non-enhancing "cystic" areas was increased to 10 of 18. A small proportion of these tumors (four of 18) were ill defined, but a larger number (eight of 18) exhibited irregular borders or had irregular fringes of tumor. We believe that these last two features, in combination with the absence of calcium aggregates, readily distinguish these two variants from those previously described (Figs. 4 and 5) .
With regard to features differentiating these two variants, our impression is that the angioblastic tumors were generally larger than the syncytial meningiomas at the time of presentation, which, even if small, tended to be surrounded by marked edema. This, we think, is probably a reflection of their natural history. In addition, "cystic" cavities, when present, were much more prominent and distinguishable in the angioblastic variants.
Tumors with Histological Features Suggesting Aggressiveness
Meningiomas with histological features suggesting aggressiveness, such as frequent or fairly frequent mitoses, focal necrosis, and permeation or invasion of the brain, were separated from their individual variant groups. There were six of eight syncytial, three of 10 angioblastic, five of 54 transitional, one of 13 mixed transitional and fibroblastic, and one of 17 fibro -FIG. 4 . Angioblastic meningioma arising from the attachment of the tentorium cerebelli to the left petrous temporal bone. Left." The unenhanced scan shows the characteristically irregular, ill defined margins, surrounding edema, "cystic" areas, and lack of visible calcium aggregates. Right: The contrast-enhanced scan, which was made at a slightly lower level, emphasizes the irregularity and blurring of the tumor margins and shows a further lowdensity area in the medial aspect of the tumor. blastic meningiomas. Their topography, histological features, and CT appearances are summarized in Table 3 .
Comparison of the characteristics of the above meningiomas (Group II) with those of the remaining non-aggressive meningiomas (Group I) produced the following results (Table 4) Crompton and Gautier-Smith, 3 in their study of recurrent falx and parasagittal meningiomas, suggested the following histological features as pointers to possible early recurrence, particularly after subtotal excision: presence of mitotic figures, focal necrosis, and permeation of the brain by tumor. We believe that if such histological features could be predicted or suspected on the basis of CT appearances, planning the subsequent management of a particular patient would be improved.
We suggest the following CT features as indicating histological aggressiveness:
1. The presence of marked surrounding edema combined with an absence of visible calcium aggregates 2. The presence of "cystic" components in either unenhanced or contrast-enhanced CT scans 3. Moderate and non-homogenous contrast enhancement of tumor tissue 4. Along with the above features, if irregular borders or fringes of the tumor are exhibited, then the chance that the tumor possesses malignant properties becomes a strong possibility.
